Although it is generally accepted that the endocrine system may influence the secretory function of the stomach, relatively little attention has been paid to the further possibility that the endocrines may also regulate the actual growth of the gastric mucosa; however, there is a considerable body of evidence (Crean, 1963a) to support this idea which was first envisaged by Spence and Witts in 1939 . For example, severe gastric atrophy is known to occur in patients with pituitary or adrenocortical insufficiency (Feyrter and Klima, 1952; Smith, Delamore, and Wynn Williams, 1961) while it has been shown that hypophysectomy causes a marked reduction in the weight of the gastric and intestinal mucosa in experimental animals (Schooley, Riddle, and Bates, 1941; Haeger, Jacobsohn, and Kahlson, 1953) ; it has been reported also that the parietal cell population was reduced by about 50% after hypophysectomy in rats although no data were given to indicate how this conclusion was reached (Friedman, 1953) . Moreover, the parietal and peptic cells appear to depend on the endocrine system for their structural integrity since both cell types show involutional changes after hypophysectomy or adrenalectomy (Baker, 1955 (Baker, , 1957 (Baker, , 1958 Baker and Abrams, 1954; Abrams and Baker, 1954; Baker and Clarke, 1961; Baker and Pliske, 1957) . This paper reports the results of three experiments in rats in which the effects of hypophysectomy on the growth of the gastric mucosa were determined from the changes observed in the weight of the stomach, the surface area, height and volume of the fundic mucosa, and the total parietal cell population of the stomach; a preliminary account of some of the results obtained has been given elsewhere (Crean, 1961; 1963b) .
ESTIMATION OF THE PARIETAL CELL POPULATION AND VOLUME OF THE GASTRIC MUCOSA
The total parietal cell population of the stomach and 'Present address: Gastrointestinal Centre, Southern General Hospital, Glasgow, S.W.1.
the surface area and volume of the gastric mucosa were estimated according to the methods described originally by Cox and Barnes (1945) as modified by Card and Marks (1960) ; substantially the same methods have been used to estimate the parietal cell population of the whole or resected human stomach (Cox, 1952; Card and Marks, 1960) and of the whole stomach of the dog, guinea-pig, and rat (Marks, Komarov, and Shay, 1960; Reid, Hackett, and Welbourn, 1961; Cox and Barnes, 1945; Marks, 1957; Bralow and Komarov, 1962; Bralow, Komarov, and Shay, 1964) .
PREPARATION OF STOMACH AND MEASUREMENT OF AREA In
the present experiments the rat was killed by exposure to chloroform. The stomach was opened along the greater curvature, and pinned serosal surface downwards on a sheet of unexposed x-ray film which was fixed on a base of beeswax in a shallow trough, the organ being pinned on the x-ray film in such a way as to eliminate all mucosal folds. In the rat, the fundus and the antrum of the stomach are readily distinguished from one another on naked-eye examination; pins were placed at intervals along the junction lines between the antrum and fundus, so that the boundary between the two parts was permanently outlined on the x-ray film by a series of pin holes. The preparation was then fixed by immersion in 10% formol-saline for 38 hours and after fixation the stomach was dried by swabbing and weighed. As pointed out by Card and Marks (1960) , unexposed x-ray film was useful in providing an exact outline of the surface area of the stomach because the exposed part darkens in colour whereas the area cocupied by the stomach remains light green. The area occupied by the fundus on the x-ray film was determined from the average of three consecutive readings with a planimeter; the coefficient of variation of the consecutive observations on 50 stomachs was 1-5 %.
SAMPLING PROCEDURE AND HISTOLOGICAL OBSERVATIONS
Six full-thickness strips of the stomach wall were excised from the area of the fundic mucosa, as illustrated in Figure 1 . Longitudinal sections were cut from each strip at right angles to the surface of the mucosa using a nominal microtome setting of 5,g; the sections were stained by the method of Marks and Drysdale (1957) .
Parietal cell counts were carried out under oil (magnification, approximately x 900) using a calibrated squared 332
Effiects of hypophysectomy on the gastric mucosa ofthe rat (Crean, 1967 peptic cell counts) and the measurements of mucosal height, nuclear diameter, and section thickness were Only male rats were used, those in experiment I being reproducible within the limits of error of the order of 5 %. obtained from the closed Wistar colony bred in the Sampling errors The arbitrary selection of sample Clinical Endocrinology Research Unit, and those in strips from the gastric mucosa might give rise to errors experiments II and III from the Sprague-Dawley strain due to variation either in the distribution of parietal cells maintained in the Charles River Breeding Laboratories or in the height of the gastric mucosa between different Inc., Boston, Mass., U.S.A. parts of the stomach; if so, the sample strips might not Hypophysectomy was performed by the parapharynbe truly representative of the entire fundic mucosa. This geal route. By sham hypophysectomy is meant an source of error was tested by examining the actual operation which is identical to that performed when the variation observed in the 'average count per unit area' pituitary is to be removed up to and including the making and the height of the gastric mucosa in the data taken of a burr hole in the base of the skull; in the sham from three experimental treatment groups, representing procedure the pituitary is left in situ, whereas it is 23 stomachs or 138 individual strips, by the method of removed by suction when an actual hypophysectomy is analysis of variance. The results (Table 11 and Ill) show to be performed. The operations required for experiments that there was no significant variation in the values fl and III were performed on the same day in Boston; obtained for either observation as between the six sites the animals were shipped immediately by air to Edinsampled in individual stomachs; moreover, the results burgh, and the two experiments were considered to begin computed on two strips only (strips B and E, Fig. 1 ) proved when they arrived in the laboratory on the first day after to be indistinguishable from those computed on all six operation. The completeness of hypophysectomy was strips, when the same data were tested according to confirmed in all cases (except in the three animals Scheffe's method of multiple contrasts (Scheffe, 1959) . specified in experiment III) by failure of the animals to gain weight, by careful examination of the pituitary fossa at necropsy and placed in 10 % formol-saline; the organs from all the animals in the same experiment were The results of this analysis suggested that reliable results weighed subsequently on the same day after being dried could be obtained with less effort by examining fewer by swabbing. As an additional assessment of somatic strips; accordingly, the sampling procedure was modified growth the width of the tibial epiphyseal cartilage was and for the majority of the experiments carried out in the measured in experiment II according to the method of laboratory (including experiments H and III in the Greenspan, Li, Simpson, and Evans (1950) using one present communication), the data have been calculated tibia from each animal.
EXPERIMENT I This was a pilot experiment in which the stomachs of young hypophysectomized rats killed three weeks after operation were compared with the stomachs of intact animals of similar body weight.
Experimental method Hypophysectomy was performed on rats aged about six weeks and weighing between 100 and 120 g. Eleven animals judged to be completely hypophysectomized were selected for the experiment; each experimental animal was weighed on the 21st day after operation and an intact rat of similar weight was selected from the colony as a 'control', both animals being killed on the same day.
One of the control animals has been excluded from consideration in the results because damage to the stomach precluded useful histological observations being made. The results are summarized in Table IV and they may be considered according to the following headings.
Intact and hypophysectomized animals compared by weight and age There was no significant difference in mean body weight between the two groups on the day the animals were killed. However, the control rats were on average three weeks younger than the hypophysectomized group; the age difference between the two groups arises from the fact that somatic growth ceases after the pituitary has been removed in this species, so that the body weight of a young rat remains relatively unchanged from the day of hypophysectomy for the duration of its life (see Fig. 2 ).
Two groups compared with respect to the stomach There were large differences between the stomachs of the two groups; thus the mean values for stomach weight, surface area, mucosal height, mucosal volume, and total parietal cell population were all significantly less in the hypophysectomized animals than they were in the controls, the value for P for the differences between the means varying from <0 05 to <0-001 for individual observations (Table IV) .
Comment Since animals of the same body weight are known to have stomachs of roughly the same proportions (Brodie, 1945; Donaldson, 1930; Crean, 1967) it was concluded from these results that hypophysectomy had exerted a marked effect on the gastric mucosa. This conclusion is strengthened when the difference in the age of the two groups is taken into account, because normal rats of the same age as that of the hypophysectomized animals would have even larger stomachs than the control rats actually used. Moreover, since the values observed for the various gastric parameters in the control group must represent the extent to which the gastric mucosa had developed in these animals at the time they were killed, it may be implied that hypophysectomy had in some way retarded the growth of the gastric mucosa. However, the conditions of the experiment allowed two hypotheses to account for the results observed. These were: (1) That the retardation in the growth of the gastric mucosa after hypophysectomy was a direct result of pituitary deprivation per se. (2) That the retardation in the growth of the gastric mucosa was imposed by the limitation in the growth of the whole organism after hypophysectomy, and so only an indirect effect of pituitary deprivation.
In order to distinguish between these two hypotheses the following experiment was carried out.
EXPERIMENT II Hypophysectomized rats were compared with two groups of sham-hypophysectomized 'controls', one ofwhich was allowed to feed adlibitum and develop normally during the course of the experiment, while the other was deliberately under- Comparison between the means t = 1 67 t = 5.2 t = 5.2 t = 2.1 t = 8-2 t = 6-7 t = 8-6 t = 14-1
Degrees of freedom = 19 P < 0-2 P < 0-001 P < 0-001 P < 0 05 P < 0-001 P < 0-001 P < 0-001 P < 0.001 lThe difference in mean body weight of the hypophysectomized group between the time of operation and the time they were killed was not significant (P < 0. Experimental method Eighteen young male rats were selected within the weight range of 120 + 10 g from a homogeneous population and sham-hypophysectomized or hypophysectomized on the same day in the proportion of 2: 1 according to a predetermined random order. The experiment was considered to begin on the first day after operation, when the sham-hypophysectomized animals were randomly allocated to treatment by feeding ad libitum or by underfeeding. The experiment was thus composed of three treatment groups, namely, sham-hypophysectomized, fed ad libitum (group I), sham-hypophysectomized, underfed (group 1I), and hypophysectomized, fed ad libitum (group III). The three groups were caged separately, six to a cage, in the same room for the duration of the experiment. One of the hypophysectomized animals died after 10 days, and has been excluded from consideration in the results; the remaining animals were killed on the 23rd day after operation.
The results of the experiment are summarized in Table V Three groups compared with respect to somatic growth The mean initial body weight of the hypophysectomized animals, ie, body weight on the first postoperative day, was significantly less (p < 0-001) than that of either of the sham-hypophysectomized groups, despite the fact that the original sample population had been selected within a narrow weight range of 120 ± 10 g at the time of operation in Boston on the previous day. This effect is attributed to differences in food intake between the hypophysectomized and sham-hypophysectomized animals while in transit to Edinburgh, and to the more severe disturbance in general health caused by hypophysectomy. However, as a result of food restriction the mean body weight of the underfed group was reduced to that of the hypophysectomized animals by the fourth day of the experiment, and the subsequent growth curves and mean final body weights of the two groups were indistinguishable from one another (see Table V and Fig. 2) 6 ,u) and is of the order to be expected in normal animals of the same size (see Geschwind and Li, 1955) . Three groups compared with respect to the gastric mucosa When the data for the hypophysectomized and underfed groups are compared with those obtained in the group fed ad libitum (see Table V and Fig. 3 ) it will be apparent that hypophysectomy and underfeeding both exerted marked effects on the gastric mucosa, the values for all parameters in these two groups being considerably less than those obtained in the animals fed ad libitum. However, hypophysectomy exerted a more marked effect than underfeeding, so that there were significant differences between the hypophysectomized and underfed animals with respect to stomach weight (p < 0.02), surface area (p < 0.005), mucosal height (p < 0.05), mucosal volume (p < 0.001), and total parietal cell population (p < 0.01).
Comment Since somatic growth was inhibited to the same extent in the hypophysectomized and underfed groups, the difference between the two treatments on the gastric mucosa may be attributed with confidence to the presence or absence of the pituitary; the results imply that hypophysectomy exerts a specific effect on the growth of the gastric mucosa.
EXPERIMENT III This experiment was carried out in order to examine the effects of hypophysectomy on the gastric mucosa of adult rats.
Experimental method Fourteen adult male rats aged about 18 weeks were selected within a weight range of 300 + 10 g from a homogeneous population and hypophysectomized or sham-hypophysectomized at random on the same day. The experiment was considered to begin when the animals arrived in the laboratory on the first day after operation. The two groups were caged separately; the sham-hypophysectomized animals were deliberately underfed for the duration of the experiment so that they lost weight at the same rate as the hypophysectomized group. On the fourth day it became apparent that the pituitary had not been completely removed in three animals of the hypophysectomized group and these animals were caged separately for the remainder of the experiment. All the animals were killed on the 23rd day after operation; at necropsy it was confirmed that hypophysectomy was complete in four animals and incomplete in the three animals already mentioned.
The results obtained in the experiment are summarized in Table VI and they are illustrated in Figs. 4 and 5 ; the data given for the hypophysectomized group in the table refer only to the four animals in which the pituitary had been completely removed. The results may be considered according to the following headings.
Hypophysectomized and underfed animals compared with respect to somatic growth The mean initial body weight of the hypophysectomized animals was considerably less (p < 0.001) than that of the shamoperated controls, despite the fact that the original sample population had been selected within a narrow weight range at the time of operation in Boston on the previous day; this effect may be attributed to 289 ± 9 9 344 ± 59 1431 ± 221 10-6 ± 0.58 0.374 + 0 035 398-8 ± 47 45.5 ± 8-0 36-7 ± 12-1 3-38 ± 0-32 257.5 ± 3-4 239.5 ± 12-8 1180 ± 100 7-78 ± 0.3 0-329 ± 0-032 255.6 + 18 28-7 ± 3-4 20-1 ± 4-6 1-47 i 0-174 277.4 ± 2-8 241-4 + 8-6 1413 ± 143.9 10-68 ± 0-96 0-332 ± 0.037 353.2 ± 35.9 38-2 ± 4 5 45.5 ± 5.0 3 58 ± 0-222 t = 994 t = 265 P < 001 P <-8 t=3-152 t=725 t=0-14 t=5987 t=40 t=859 t= 17-4 P <-02 P < 001 P < 90 P < 001 P < 005 P < 001 P group.bmj.com on October 30, 2017 -Published by http://gut.bmj.com/ Downloaded from differences in food intake between the two groups while in transit to Edinburgh and to the more severe effects of hypophysectomy on the general health of the animals. As Fig. 4 shows, this difference in body weight was eliminated by the fourth day of the experiment as a result of the food restriction imposed on the underfed animals; the mean growth curves of the underfed and hypophysectomized groups were virtually identical for the remainder of the experiment, and there were no significant differences between the two groups with respect to final body weight. The incompletely hypophysectomized animals gained weight at a rate which might be expected of normal animals of the same age and starting weight, and it seems unlikely that the operation had exerted any marked effects on their somatic growth.
Two groups compared with respect to the gastric mucosa There were marked differences between the hypophysectomized animals and the sham operated controls with respect to all the observations made on the stomach except for mucosal height. The mean values for all the other parameters estimated were significantly less in the hypophysectomized group than they were in the underfed animals, the value for P for the differences between the means being <0.02 for stomach weight and <0.005 for mucosal area, mucosal volume, and parietal cell population. The values obtained for all parameters in the incompletely hypophysectomized animals were considerably greater than those obtained in either of the other two groups, and were within the ranges to be expected for normal rats of similar age and body weight (Crean, 1967) .
Comment Although only four completely hypophysectomized animals were available for consideration, the results clearly indicate that hypophysectomy per se exerts a marked effect on the growth of the gastric mucosa even in fully matured rats. When the data for individual animals are considered (see Fig. 5 ) it will be seen that the values obtained for mucosal volume were smaller in each of the hypophysectomized animals than they were in any individual animal in the underfed group; similarly there was no overlap in the values obtained for the parietal cell population between the two groups.
DISCUSSION
The methods of Cox and Barnes (1945) and Card and Marks (1960) have been used to estimate the volume (mass) of the fundic mucosa and the total parietal cell population in rats, and there is indirect evidence to suggest that the results obtained were reliable. The actual observations required for the calculations were reproducible within the limits of errors of 5 %, and analysis of the data from a large number of stomachs suggested that no serious errors arose from the method of sampling employed. Moreover, the values obtained for both estimates were reasonably constant from one experiment to another when differences in the age and body weight of individual animals were taken into account and the data for parietal cell population compare well with those of Bralow and Komarov (1962) and Bralow et al. (1964) for rats of comparable size. Furthermore, good correlations were found between the parietal cell population and mucosal volume (r = 0.87) (see Fig. 6 ) on the one hand, and between parietal cell population and stomach weight (r = 0.86) on the other hand, and it is unlikely that correlations of this order would be obtained if either estimate were seriously in error. It should be emphasized that whatever the absolute errors involved in the methods used, they applied systematically throughout the investigation and since subjective errors were excluded the results may be regarded as sufficiently reliable to permit valid conclusions to be drawn from the experiments described.
Hypophysectomy was shown to reduce the weight of the stomach, the surface area and mucosal volume of the fundus, and the total parietal cell population in three experiments in rats; these results have been interpreted to mean that hypophysectonmy either retarded or caused a regression in the growth of the gastric mucosa as a whole. Moreover, under the conditions adopted in experiments II and III it was possible to show that the results observed were not due simply to the inhibition of somatic growth which follows hypophysectomy in the rat, but that they must represent a specific effect of pituitary deprivation on the stomach. The data obtained in the present investigation confirm previous suggestions (Spence and Witts, 1939; Haeger et al., 1953 ) that the pituitary is in some way responsible for maintaining the growth of the gastric mucosa not only in young growing animals but also in fully matured adult rats. Although the effect is a direct consequence of pituitary deprivation it remains to be established whether it is deficiency of the hormones of the pituitary itself, or deficiency of the hormones of one or other of the target endocrine organs that is the responsible mechanism.
A good correlation was obtained between mucosal volume and parietal cell population over the wide range of observations in all three experiments (see Fig. 6 ); this finding suggests that the main effect of hypophysectomy was to reduce the mass of the mucosa as a whole and that the parietal cell population had been reduced in simple proportion to the reduction in the amount of the secretory tissue. The simplest explanation to account for the reduction in the mass of the mucosa would appear to be that hypophysectomy interferes in some way with the processes of cell division in the gastric mucosa either by reducing the rate of cell division or by reducing the total number of dividing cells or by exerting both effects. However, while hypophysectomy markedly reduces the mitotic activity of the mucous neck cells, it has the surprising effect of increasing the mitotic index of the superficial epithelial cells of the gastric mucosa (Belanger, 1960; Clark and Baker, 1963) . These observations may be reconciled with the present results by supposing that there may be a form of maturation arrest in the processes of cell division within the gastric mucosa after hypophysectomy, so that the newly formed epithelial cells are not incorporated into the mass of the mucosa, but are lost at an excessive rate to the surface; on the other hand the reduction in the mitotic activity of the mucous neck cells would account for the decrease in the parietal cell population after hypophysectomy since it is believed that the secretory cells of the gastric mucosa are derived from the mucous neck cells by differentiation (Townsend, 1951; Hunt and Hunt, 1962) . However, the mitotic index expresses only the numerical relationship between dividing and non-dividing cells in the tissues and does not allow for quantitative differences between the total number of cells in one organ as compared with another. Since there is a marked reduction in the mass of the gastric mucosa after hypophysectomy it is likely that the total number of dividing cells is also reduced despite the fact that the proportion of mitotic to non-mitotic cells is increased; clearly this possibility requires to be investigated before any final conclusions can be drawn concerning the mechanisms by which hypophysectomy interferes with the growth of the gastric mucosa. Not unexpectedly the results of the present experiments show that a marked inhibition of somatic growth produced by underfeeding exerts a considerable effect in retarding the growth of the gastric mucosa also.
SUMMARY
Methods described previously have been used to estimate the parietal cell population and the volume of the gastric mucosa in rats, and the major sources of error which might influence the results have been examined. Hypophysectomy markedly reduced the weight of group.bmj.com on October 30, 2017 -Published by http://gut.bmj.com/ Downloaded from the whole stomach, the surface area and volume of the fundic mucosa, and the total parietal cell population both in young growing rats and in mature animals. It was shown that these effects must be due to a specific effect of pituitary deprivation on the stomach, and that they could not be accounted for simply by the inhibition of somatic growth which follows hypophysectomy in this species.
The results obtained confirm the suggestion that the pituitary gland exerts an important influence in regulating the growth of the gastric mucosa.
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